Water is certainly one of the most critical inputs in crop production in many parts of the world particularly in the arid and semi-arid regions, i.e. Egypt, in the near future the required development of irrigated agriculture is necessary to cope with the increasing food demands from increasing population and water scarcity in Egypt. It has thus become necessary to explore new water sources that can meet current or future demand for irrigation supply. The main objective of this study was to determine the maximum amount of seawater irrigation needed to produce a good yield and study the combined effect of diluted seawater (I 1 , I 2 , I 3 , I 4 , I 5, and I 6 ) and rates of compost addition (0.0, 4.0, 8.0 ton fad. -1 ) on plant growth, crop production and soil properties. Sandy soil Lysimeters were planted by salt-tolerant plants (barley) followed by sunflower crop under the same treatments. Results concluded that all diluted seawater prepared was suitable for irrigation crops according to the calculated criteria of water quality. The values of soil pH, Ec (ds/m) and ESP at the end of the two seasons were taken the same trend, which increased significantly with increasing the salinity of irrigation water or increasing the rate of compost addition as individual factors but in combination among them appeared insignificant variation in most studied properties. Also, available macronutrients residual in experimental soil were affected by the antagonism relationship between the studied factors, positively by addition of compost and negatively with salinity water supply. It was noticed that the interaction between treatments has positive role in reducing the hazards of the salinity irrigation water, which the biological yield of barley was decreased to maximum percentage (28.95%) at using the highest salinity irrigation water (I 6 ). But, it was obtained the minimum reduction percentage (5.9%) if combined with the highest rates of compost addition compared with the control (I 1 ). The residual effect of highest compost addition was more clearly on the parameters studied of sunflower cultivated in the second season which hadn't reduce the hazards of high salinity irrigation water (I 6 ) alone but optimized with the values parameters studied particularly seed yield by 16.3% at the treatments (I 6 × C 3 ) compared with the control (I 1 ).
INTRODUCTION
One of the most urgent global problems is finding enough water and land to support the world's food needs. Agriculture will continue to be the most important user of water in many countries, evapotranspiration from irrigated agricultural land is the largest consumptive use of water withdrawn for human use. Also, steadily increasing demand for agricultural products to satisfy the needs of a growing population continues to be the main driver behind agricultural water use. The net result is that agricultural water use is increasing the severity of water scarcity in some areas, and causing water scarcity even in areas that are relatively well endowed with water resources (FAO, 2012) . Increasing water scarcity in arid and semiarid regions, where rainfall is scanty and evaporation rates are high. Surface water is limited. The increase in population and socioeconomic development has led to an imbalance between supply and demand. So, it has been to search for non-conventional water resources in http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Soil and Water Science irrigated agriculture to meet the growing water needs (Nair and Kumar, 2013) . Since the water resources in Egypt are limited and depend on the Nile river. Egypt water allocation is 55.5 × 10 9 m 3 a year and with tremendous increase in the population, production has to be increased and irrigation water has to be well managed and how to find the way for saving more irrigation water becomes essential (Moursi and Abdelkhalek, 2015) . Seawater is already being considered in a significant number of water stressed developed countries as a major source of water (Gleick et al., 2006 ; Lattermann and Hopner, 2008) , also it's being reported as an alternative water source in some Mediterranean countries for sustaining agricultural production. It represents an abundant and steady water source which effectively removes the climatological and hydrological constraints, (Martínez-Alvarez et al., 2016) .
There are multiple strategies to augment water resource availability for irrigated agriculture, including water conservation, modernization of irrigation schemes, treatment of low-quality water, etc. However, most of these strategies can only improve the use of conventional water resources. Nonconventional water resources (desalination and recycling) are the only methods to increase water supply beyond that available from the hydrological cycle (Shannon et al., 2008) . As Sea-water desalination remained more expensive, it had rarely been considered for agricultural purposes, but nowadays it is emerging as a feasible option for crop irrigation in Spain (Zarzo et al., 2013) . Diluted seawater (DSW) is a simple yet vital input used in natural farming as a source of mineral nutrition for the production of a variety of fruit and vegetable crops, as well as for lawns, pastures, and flowers (Sgherri et al., 2008) . Increased percentages of seawater in the irrigation solution had the following effects on ion concentrations in the shoots: no change in Ca 2+ and Mg 2+ , a slight increase in K + , and marked elevations in Na + and Cl − . Importantly, total polyphenol, β-carotene and ureides, all known for their antioxidant capacities, rose with increasing seawater percentage, findings that indicated improved nutritional values for Salicornia irrigated with high concentrations of seawater (Ventura et al., 2011) as well as, total yield declined with increasing percentage of seawater above 50% in the irrigation water.
Both the quality and quantity of water are critical to the successful production of plants. While the most critical chemical water quality parameters are the water salinity hazard (as measured by electrical conductivity (EC w )), sodium and chloride concentration, sodium adsorption ratio (SAR) and soluble sodium percent (SSP), (Mass, 1990; Ayers and Westcot, 1994) . On the basis of the foregoing, we proposed using seawater dilution in irrigation as strategy to augment water resource availability for irrigated agriculture, particularity with sowing resistant plants to salinity (i.e. barley). Lysimeter experiments were conducted to evaluate the effect of irrigation by diluted seawater with or without application of compost at different rats on plant production and soil properties.
MATERIALS AND METHODS

Experimental Layout
Lysimeter experiment was conducted at Sakha Agricultural Research Station, Kafr El-Sheikh Governorate during two seasons (winter of 2014/2015 and summer season of 2015) to examine the irrigation by nonconventional water resources (diluted seawater) combined with different rates of compost on yield and yield components of barley (Giza 123) and sunflower (Sakha 53) and its effects on soil chemical properties in the end of each season. The experiment was laid out in a split-plot design with three replicates. The main plots were the compost rates (0.0, 4.0 and 8.0 ton fad. -1 ), while, the different diluted seawater (I 1 , I 2 , I 3 , I 4 , I 5 and I 6 ) were the subplots, they were obtained by diluting seawater with the canal irrigation water to obtain the desired salinity levels nonhazardous for irrigation as follows; I 1 (canal irrigation water as control), I 2 (dilution 1: 60), I 3 (dilution 1: 50), I 4 (dilution 1:40), I 5 (dilution 1 : 30) and I 6 (dilution 1 : 20). Irrigation with diluted seawater in different concentration was started after 21 days from sowing. The experimental unit consists of one lysimeter (0.50 m 2 ) in a square shape and a height of 60 cm with filter (gravel) of 10 cm in dawn, each lysimeter was filled by sandy soil. Total number of used lysimeters were 54 units (3 rates of compost × 6 levels of water × 3 replicates). Before addition the treatments and cultivation, soil samples were taken at three depths and prepared for chemical analysis according to the standard methods. Soil samples were dried, sieved through a 2 mm and analyzed for texture, soluble cations and anions, soil pH, EC and OM (%) as well as available N, P and K according to Page (1982) and Klute (1986) , soil ESP was estimated as a function of soil SAR by equation (ESP = 1.95 + 1.03 SAR) according to Rashidi and Seilsepour (2008) ( Table 1 ). The chemical analyses of compost and irrigation water characteristics were presented in Tables 2 and 3. Barley grains (Giza, 123) were sown on 24/11/2014 and harvested on 15/4/2015 followed by planting of sunflower (Sakha 53) on 15/5/2015 and harvested on 7/9/2015. Other recommendations for barley and sunflower growing were followed according to the Ministry of Agriculture, Egypt. Each treatment (lysimeter unit) was received equal amount of irrigation water every irrigation time (20 l/lysimeter at once). This quantity realized the FC+20% as LF. The irrigation intervals were depending on the status of plant and soil (from 10-15 days), within the limits of 10 irrigations to barley and 9 irrigations to sunflower through growing seasons.
The irrigation water samples (diluted seawater) were taken to determine the validity of some criteria i.e. water salinity hazard (as measured by electrical conductivity (EC w ), potential salinity (PS), soluble sodium percentage (SSP), sodium adsorption ratio (SAR), sodium to calcium activity ratio (SCAR), permeability index (PI). where concentrations of all ions have been expressed in mmol/l. and these criteria were calculated as the following:
Water salinity hazard
While EC w is an assessment of all soluble salts in irrigation water, (>3.00 ds.m -1 classified to Class 5= unsuitable or severe). (Mass, 1990; Ayers and Westcot, 1994) .
Potential salinity (PS)
Potential salinity (PS) was defined as the chloride plus half of the sulfate concentration.
PS = Cl -+ ½ SO 4
The PS classification is as follows: permissible 5-20, 3-15 and 3-7, for soils of good, medium and low permeability, respectively (Doneen, 1964 and Gupta, 1990) .
Soluble sodium percentage (SSP)
High sodium ion concentration in soil can take a toll on internal drainage patterns in soil as release of calcium and magnesium ions are facilitated due to absorption of sodium by clay particles. SSP was calculated using the following equation (Todd, 1980) : Water with SSP less than 60 is safe with little sodium accumulations that will cause a breakdown of the soil's physical properties (Fipps, 1998) .
Sodium adsorption ratio (SAR)
Sodium adsorption ratio is a measure of the sodicity of the soil. The SAR was calculated according to (USDA, 1954) using the following equation:
The SAR classes include, low, S1 (<10); medium, S2 (10-18); high, S3 (18-26); and very high, S4 (>26). Which general classifications of irrigation water based upon SAR values (Above 18 is unsuitable for continuous use), Ayers and Westcot (1994) .
Sodium to calcium activity ratio (SCAR)
SCAR can be calculated according to the relationships presented by Gupta (1990) in the following equation:
On the basis of SAR/SCAR, the irrigation waters may be classified in six classes of sodicity, Non-sodic water, S0 (<5); normal water, S1 (5-10); low sodicity water, S2 (10-20); medium sodicity water, S3 (20-30), high sodicity water, S4 (30-40) and very high sodicity water, S5 (>40). 
Permeability index (PI)
The PI given by the following formula (USDA, 1954; Doneen, 1964) :
The PI classification is as follows: Excellent (>75%), Good (25-75%) and Unsuitable (<25%) (Al-Amry, 2008) .
At the end of each season, plants were harvested from each lysimeter and some of growth parameters, biological and economical yield and yield components were recorded. Plant samples were taken from each treatment and separated to grains and straw, dried and digested for chemical determinations according to Ryan et al. (1996) . Also, soil samples were collected from each treatment at three different depths 0-15, 15-30, and 30-45 cm, respectively it were dried and chemically analyzed. Also, SAR and ESP were calculated.
Statistical Analysis
The data were subjected to analysis of variance using MINITAB Statistical Software Program for Windows Release 16, according to Barbara and Brain (1994) . The ANOVA test was used to determine significance of (p ≤ 0.05) treatment effect and the Least Significant Difference (LSD) test was used to determine significance of the difference between individual means.
RESULTS AND DISCUSSION
Irrigation Water Quality
Plant growth is primarily limited by the salinity (EC w ) level of the irrigation water, the application of water with a sodium imbalance can further reduce the yield. Generally, seawater is unsuitable for use in irrigation crops without treated by fresh water because it's highest salinity (EC w = 55.8 dS/m) and sodium hazards (SAR ˃ 90) which harmful on plant growth and damage the soil properties. For this, diluted seawater is the proposal solution to meet the growing water needs. It was prepared by mixing the seawater with fresh water at a different quantity whose presented in Table 4 in which all of dilutions is suitable for irrigation crops. Results in Table 4 show the most of criteria calculated for different diluted seawater which used as irrigation treatments, it was noticed that the highest values calculated of these criteria were at the minimum diluted seawater (I 6 = 1:20), it was still suitable to use for irrigation.
The Effect of Treatments on Soil Chemical Properties
Results in Table 5 show that increasing the salinity of irrigation water (diluted seawater) or rates of compost addition to soil as individual factor increases significantly each parameter studied, i.e. EC and ESP whether after the first or second season which the mean values of these parameters were gradually increased with increasing the salinity levels of irrigation water up to the minimum dilution of seawater (1:20), and compost addition up to the maximum rates (8.0 ton fad. -1 ). Although, Soil electrical conductivity and exchanged sodium percentage increased as a result of increasing water salinity and rates of compost, the effect of interaction among them on theses parameters of soil were insignificant through the two seasons except the pH parameter at the end of second season which appeared significant effect, these may be due to degradation of organic compost. Also, the interaction treatments appeared significant effect on the values of ESP at the end of first season, which it is more pronounced in treatments combined with compost addition. This may be due to the great surface area of the fine particles of compost, which adsorb more soluble and exchangeable cations of saline solution. With continuous irrigation with the same quality in the other season, the values of chemical parameters of irrigated soil were increased compared to the control (canal irrigation water) but this increasing were decrement if compared with the first season. Finely, salts accumulation in root zone was highly affected by the quality of irrigation water (i.e. its EC and SAR) and vice versa. This result was in agreement with Al-Busaidi et al. (2009) , they reported that saline water remarkably affected the salt accumulation in soil. 
The Effect of Treatments on Availability of Macronutrients (NPK) in Soil After Harvesting of Each Season
As a general trend results in Table 6 show antagonism effect between the studied treatments whether, after the first or second seasons, which the soil fertility (NPK content) was negatively significant affected by increasing the irrigation water salinity, in contrast, the availability of macronutrients were increased significantly with increasing the rates of compost. The beneficial effect of compost on increasing available nutrient contents in the soil may be attributed to it is not only considered as a chelating agent through enhancing the released active organic acids and as a storehouse for plant essential nutrients but also to be a strategy to preserve these nutrients from loss versus their easily uptake by plants. In addition, the slow nutrients released during the decomposition and mineralization processes of these organic substances resulted in minimizing their possible loss by leaching throughout the studied relatively coarse textured soil. It is noteworthy to mention that the diluted seawater applications had lowest effect on the available macronutrient contents of the soil compared to the effect of the compost addition as individual factors. Thus, the interactions among them were significant which, the values were increased as a general trend with increasing the applied rates of compost, and decreased with increasing the irrigation water salinity at the same rate of compost. Although, the treatment (I 6 × C 3 ) gave the minimum values obtained for NPK in the soil compared with different irrigation water salinity combined with the highest rates of compost addition, this value was better than the values obtained at the treatment (I 6 ) without compost and the control (I 1 ; canal irrigation water). This may be attributed to the beneficial role of compost (Mohammed, 2004) . In addition, the percentage increases of these above availability values were by 20.7, 6.6 and 22.5% for N, P and K respectively compared to the control (canal irrigation water without compost) at the harvesting of barley (first season), while the percentage of these macronutrients at the same treatment (I 6 × C 3 ) after harvesting of sunflower (second season) were increased to 32.5, 13.6 and 26.9% for NPK compared to the control at the first season, respectively. This may be due to degradation the compost with the time. However, these percentages were gradually increased with increasing the dilution of seawater up to the maximum percentage of NPK with fresh irrigation water.
Effect of Applied Treatments on Biological Yield and Grain Quality of Barley
The beneficial effects of the applied treatments were greatly supported by the values of biological yield and grains quality, as shown in Table 7 , which can be explained on the basis that the irrigation with the highest salinity water (I 6 ) without compost addition reduced each of the grains and straw yield of barley by 26.9% and 27.3%, respectively compared to the control (I 1 = canal water without compost addition). As well as, wt 1000 grains and crude protein were reduced by 7.7% and 13.7% respectively, at using the same treatment (I 6 ) compared to the control (I 1 ). These may be due to inability of the plant to compete with ions in the soil solution for water (physiological drought), negative effect on the ability of plant to absorb more water, also the rate of evapotranspiration will decrease. These results were in agreement with Al-Busaidi et al. (2009) . On the other hand, compost addition as individual factor up to 8.0 ton fad. -1 increased the percentage of grains, straw, wt 1000 grains and crude protein up to 35.5, 35.1, 3.8 and 32.9%, respectively compared to without compost addition. These results attributed to the compost addition thus became enriched in the released nutrient contents, which are involved directly, or indirectly information of protein and other biological components through their roles in the respiratory and photosynthesis mechanisms as well as in the activity of various enzymes.
Also, it was noticed that the interaction between treatments has positive role in reducing the hazardous of irrigation water salinity, which all above studied parameters were decreased to maximum percentage at using the highest salinity irrigation water but it was obtained the minimum reduction percentage with increasing the rates of compost addition, i.e. the decreasing in grains yield at using (I 6 ) were changed from 26.9%, without compost to 12.1% and 5.9% if combined with 4.0 and 8.0 ton compost fad. -1 , respectively, compared to the control (I 1 = canal irrigation water) and 6.1%. This trend was recorded for the other barley studied parameters. Which the reduction percentage for straw yield and, wt 1000 grains were decreased from 27.3%, without compost to 6.1% and from 7.7% without compost to 4.5% at addition the highest rate of compost (8.0 ton fad. -1 ), respectively. On the other hand, this rate of compost (8.0 ton fad. -1 ) wasn't reduce the hazards of salinity irrigation water alone but it was enhanced to increases the crude protein in barley by 8.8%. Generally, we can be compensated the scarcity of fresh water by mixed 2.5% from seawater (I 4 ) with fresh irrigation water combined with treated sandy soil by 4.0 ton fad. -1 of compost, which gave the same production particularly compared with the control (I 1 = canal irrigation water without compost). The treatment (I 4 × C 2 ) appeared this conclusion, which the grains and straw yield of barley had insignificant differences with its production at control (I 1 ). Table 8 show the individual significant effect of the two studied factors whether negative effect due to the salinity irrigation water or positive effect to compost addition on the concentration and uptake of macronutrients in grains barley at harvest. On the other hand, the interactions between treatments recorded insignificant difference among them on macronutrients concentration in grains, but they appeared highly significant effect on the remove of macronutrients to grains which followed the same trend thus above discussed with the grains yield and cause the availability of macronutrients in soil. 
Results presented in
The Residual Effect of Applied Treatments on Growth Parameter and Biological Yield of Sunflower Which Cultivated in the Second Season
With continuous irrigation with the same quality in the second seasons, soil salinity was increased with the time, but this increasing was reduced if compared with the first season (Table  5 ). As well as the prediction degradation of compost and releases the nutrients which followed by improving the soil fertility and physical properties. This cause may be create balance in treated soil had positive effect on the cultivated sunflower in this season. Results in Table 9 indicate this proposal which showed. the beneficial role of compost in minimizing the hazards of salinity irrigation water. Although, the negative effect of salinity water and the positive effect of compost addition as individual factors on the parameter studied of cultivated sunflower. The residual effect of compost addition was more pronounced with interactions treatments compared the first season. Which it wasn't reduce the hazards of salinity irrigation water alone but it was enhanced to increases the values of parameter studied, i.e., the values of growth parameter (plant height, stem diameter, and head diameter) were decreased to maximum percentage with highly salinity irrigation water (I 6 ), they were decreased by 12.4, 15.3 and 15.6% compared to the canal irrigation water respectively. Whilst, theses percentage were decreased to the minimum percentage (2.3, 4.5 and 0.1% pour the same parameter, respectively) in the treatment (I 6 × C 2 ) which received 4.0 ton fad. -1 in the first season. In contrast, the residual effect of the rate (8.0 ton fad. -1 compost addition) dissolved the hazards of highest salinity irrigation water, which appeared significantly increasing in values of sunflower growth studied parameters particularly plant height, and head diameter by 2.5 and 8.5%, respectively.
On the other hand, this phenomenon was more clearly for the seed yield, which it was noticed highly increasing to the role of compost at the two rates supplied in dissolved the hazardous of highest salinity irrigation water, at these treatments (I 6 × C 2 ) and (I 6 × C 3 ) the grain yield was significantly increase by 4.6 and 16.3%, respectively.
Conclusion
Freshwater is the best option for optimum plant growth but the scarcity or shortage of freshwater is compelling researchers to investigate the use of saline irrigation water. Using diluted seawater for agricultural deserves attention nowadays or future production to satisfy the needs of growing population continuous and water scarcity in Egypt. However, caution in the practice of overirrigation with salty water should be held to avoid deleterious impact on the soil. Studies in this field are still little in Egypt. Under our experimental condition, we obtained a positive effect of organic compost addition to sandy soil to alleviate salinity irrigation water problem. 
